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Nano-confined Water and its Dynamics in Ionic Liquid

Hiroshi Abe

Department of Materials science and Engineering, National Defense Academy

ABSTRACT

Nano-confined water (“water pocket”) was realized in ionic liquid. Static structure of
the water pocket was examined by a complementary use of small angle X-ray and
neutron scattering. The size of the “water pocket” was evaluated to be 20 ~ 30 A and
varied depending on temperature and water concentration. Dynamics of the water
pocket was obtained by quasielastic neutron scattering (QENS). Compared with the
bulk water, slow water diffusion in the water pocket was clarified by the QENS.
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1. IZLHIZ

ORI TEL DALITRBALNTND T
D—DNKNET b D, By HEEE a9
HKITAFEEFEOFRTHZOREN (4°C DEE
ORKR) ZHEMRDZ ENTE S, BELSIZE
FERIFEZ N Z 5 &, KOBHMEVEN LV —Ei%-
X0T5. BE-ENCHLPONDHE L DRt
(1], MEETENLT 7 ZKCBEETELT 7
ZK[2, 3172 EIFKDZERMED —hi% R~ LT 5.
&IT D5y 1817715 (MD: Molecular Dynamics)
Ral—yarT, B4 T4 M #EE -
K (=T7aT7A4R) WEEIFET D &N TH
SNi-[4]. AETZT T A4 ADEET, ER L
LIRS D. Fio, MBLORBKRGEES <
NHFER STV, KSR A 2R B MEVE R A -
FHFWHHRIETH D Z NS, ice VII 2 DD
v NU—T7 BRAEVIZAVAATR 2 EiEE) OF
FOBFET, BRI X > CTHEMEAHERT L Z &R
MD FHREIZ L » TORB EINZ[S]. —F, Ko7 m
b o HEEIE T < A5 Grotthuss HEHE[6] Titeim S 4L
TW5., EUVY—FRDOEEEZDOLI 7 v b
EIXERAC T OB E GRS AR SORIC BT 5
RIBBED 75 T E R OBfFICEE e v a2 5
25, EBEKGEMCRHHINDRY 3 v
% Grotthuss Bé#E TR S 415 2 & ITHIBRZR (7]
F72, F/EBICEACIADBNTZAKDE A F I
ANFEHNCIIR DTV B[S, 9], B 21 A Dy
— =TT OMILE BT DL Y BITHTIA
DN AKITRERE L, 51T, gk UERf
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PEHGEL (QENS: QuasiElastic Neutron Scattering) 2
Ko, F/EICE CiAD bl B B YRR
DIEIZ NV Z KOEL Y H/NE LB 2 ERmh
STz, B TADZIRIC L BRI O K X 72054
NREELTEZLLND.

Fex DI N—T7TiE, EROBEEKFO [HES
NP TIAD] LB Wk D [ 5V TIA
W IZEB L, B EEREE - KBRS S8
REMEHLNNZT D, T A= TP DL
CiAh SN AKNBHTT72 [F 7 A% —T3%]) ©
AREMEEIRD.

2. A A RIRDF ) R —HiE

A A ARIRII D F A LT =F i b 7p B Hil
BROTRTHY, o, BIETHEIREL 725 R
HEERIREE CTH D[10]. RKJEMF EA LR,
HRMETH D, Fio, B, (bFER, BT
HEENIEFEICHNOT, F V=27 IARY
[11]PERALFET A A[12, 3] Sl Ean<
W5,

A T U RE ORI REE ST N — M TR
T 5415, Lopes and Padua ® MD FH5EIZ L - T,
T R REEN TR S i2[14]. A A IR,
TR Z D - TV X IL3-AF LA I 4
Y U v A (Comim") H F A » & PFg, bis
(trifluoromethanesulfonyl) imide (TFSI)7 =4 > T
H5.HEGBENTHLT LI AHOESII n T
FIND. n ZHf UCTmiE - FERMET 2 R A A
VINFEETDH. & BT, Triolo HD I L—FIT X
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ST, T/ RE—MEICHET D XBREro 7 1L
— 7 DB S z[15]. M), L E—2i3

RA A ATHEEEI L TWD R STV .
L7, Lopes B D7 /V—7 ORI 55 [16]
No, T AREPRICERT 5 M &SRO
2 RHBIRAEIC Ko TA L B — 7 JREE &AL {E S
BHTEDZ LB GhoTz. WAWARF ) R)—
REENIEB I TWDEN, A RO T ) A~y
—REEDOZRREII D F A LT =F DA D
WITHBI L TEL 2D, i, A4 RIEDT 7
R EEDOSRMEICET L E 2 —2#E s
TWAH[17].

A TR ORF S A R T2, 44U (B
FEEETD) AN (EREBES)) A L7- Cage
Energy Landscape (CEL) &5 7 A 7 4 7 MR
EN7-[18]. HHT R LFXF—H DL D/NESRE
DR E LEE PNEEIE, A A UK, AR
Ko TERDZEERL, A4 HIKORREMN
A F ML HEEE RO Z SICER LTV D
ETFRLTCWAD. EBRT, n=6 ZEiCA 4
MDA~ B D Z LN ENTE[19, 20].
[Comim][TFSI] (2 < n < 10)®D TFSI" ® =27 4 A
—3a VORERMEN n=6 THNILD., ZnbD
RIT n > 6 OFLE—7 OMERKR21] &E
ZRd 5. Fiz, AEERKEL, o, +HIC
T R PEDFEE L T D [Cemim][BF, )13 &+
T CARE—HEEDNHERT D 2 LD pnoiz[22].
D 2GPa [T, OFLE—rBEEL, &
JEFTIETFT /AR 0 b8y 0 VR 28
KT 5.

IRET MR ] A A IR OREE & Kt
BRI TE 72, LyrL, £ 4 ViRIKkD
IS DT IZOINT, A A MRIROE 4 DJERR &
LT, A4 EIEHEEDORAZNER ST
%[23]. B 21E, [Csmim][NOs]-x mol% H,0 MR T
A T AEARF DKDEA TIAD Voth & D7 —
7D MD T & 7z[24]. KO EER T
WX, KOGFNT I RAL UBERICEETD.
[Csmim][BF,]-H,O %2 Tb, Cymim" 7 F 4> & H,0
DIFET D 2 ENFE S NT[25]. K703 ) 7
R A A UEERICIR & 7285 Voth O MD 35 & 5
JELZRW. —JF, 75mol% H,0 LA ET, HEH KX
SOKOBENEL D, A A ARIKFIZEH CiA s
HITZ K DEHER (“water pocket”) 1, 95 mol% LA
FoOKSFONR—alL — R MZLoTHEETS. &
T FEREI D K DILEEE DGR, BTF A
ET = A OIEBER b RABMICKREL D, OF
D, 95mol% LLETIIHF A &7 =4 DA
TERNIIERICEL 25 Z LD, i, A4 A4
AR EAKIBBSRDF ) R —E LB L
2— SN TV BH[26].

3. A A UHRIEHIZE CiA® & L7z "water pocket”

3.1 A A EIRKIRE R DOIRAER
[Camim][NO;]-H,0, [Camim][NO5]-D;0 % H.ixic

WMz EDTE -, TO—o>0HEIC, ZiER 3
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DD Cmim"™ HF AL DAL T A— 3 (TT,
GT, G T) [271I 7 ~ I & » TEREMIEE
MTEx57-0THD. TT, GT, G’T DOMFH7e
BAMRIZT L FLEHD 120° [RIHETHE S415 (Fig. 1).
Cemim" W FF L lTar 7+ A — g CAREN
%<, o, I HTHarTr A—vay
ZEETE RV, £72, [Cmim][X]-D,0 % T,
HICHD RN EE D Z IR MLNATND
[28]. F S &YV U T LEED C,DHNDIZAH LT
(Fig. 1), WFFrDar 74 A— g HHE
{t45%. LaL, [Camim][NOsJ-D,O 1T H/D A5#h
N, KOBEEIZHLTar 7y A—a st
Hh —E TH DH. - T, Voth 6 D
[Csmim][NO;]-H,O @ MD F#[24]H %8 L T,
[C;mim][NO; ] A U RIRZ BRI L7z, A a i<
BEROWEE (idh, 7TEALT 7 A, fEim+7EL
77 R) Lo T, WEREOREAHEES D Z
LINTED. AT RIKOMAEAEMIL, & (X
HT—), BRBRFE—AL N (X V), B
(FRuY—) BEAL, EIRORENRE S0
5 Th 5. IKIROEHEREZEN T X ARET + 2=
ok A M B & G (DSC: Differential Scanning
Calorimetry) @ [FIRFHIE (SmartLab, Y % 2) %
FAWTIHRBNTZ[29, 30]. T OHBIEICL - T,
~ 7 aipREEZ L (DSC) & 27 ale/yTHIB (X
WE) NEICKRETT e —7TE 50T, HH
IR A IEREICIRD D Z LN TE D,

A3

é
\ S

e

Fig. 1. E/D exchange site of C,mim" cation. Three
stable conformers of Cymim" cation.
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GT
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[C;mim][NO;]-D,0 DX 3T 4 v 7 72 IREER %
Fig. 2(a) & Fig. 2(b)IZ/~F[31]. &EI Tk~ 2%
“water pocket” 23 Bl B 7K i FEAEIR X X D KF
OFPTREIND. HEhEE (5 °C/min) TiZ,
Wi b D RO B0, JRVREGFEKTT
ENAT 7 2T 5 (Fig. 2(a)). GHEIGACBE
WX oT, TEAT 7 AHZhThRiEamnE v
LA, C+A LT 5. 94 mol% D,0 (=x) UL L
DOBHEHEE TRKOFERMBEND (T T > TR
B, IKOREEL & A A U DR A X B XA
HTENTED)., —J, FiRiwEEE (5 °C/min) T
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Fig. 2. Kinetic phase diagrams determined by the
simultaneous measurements. (a) cooling process; (b)
heating process. L and A are, respectively, liquid and
amorphous phases in the [Csmim][NO;]-D,O mixtures.
C; and Cyare two forms of the [Cymim][NO;] crystal
phases. The I phase reveals the crystal ice of D,O.

%, FERICHEMEIRIBII NS Hiv7s (Fig. 2(b)) .
B 5202 x=70 mol% (X)) & x=94 mol% (x;) THH
BAENRKRELS B D. x <x T, WHEIENS
DOIKIEAE AL (Cold crystallization) 2> T CfH
DAL D, IHITHET 2 & BOREEAH(Ch 2B
D, FIEN DR E L monoclinic (C)),
orthorhombic (Cy) THH[31]. KEEFTeA A4 K
ﬁi@ﬁ’%%%iﬁ& [ ] A A AR D #E Sl
HI2 D X <x<x OFETIE, Cp AN,
CHFB%HS MR LB SR, 22T, BE
Rl x<x, TOHBH - FIEBRE T, 7K0)7f\lLE|E1ﬂ£
FB SN 2NWZ ETHD. DFEY, ZDOIRVK
IREEFECT, A A IR OKIZETTELT 7
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Fig. 3. Water concentration dependence of enthalpy.
Enthalpy for the crystallization of [Cymim][NO;] and
D,O was calculated from DSC trace. Below x = 70
mol% (Xy), crystal [Cymim][NOs] existed obviously.
Above X; (94-100 mol%), a single phase of crystal ice
was formed.
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DSC HIEMN S Z L E—ZE4 k. (AH) 23K
5d (Fig. 3). A A RIKHOMES 72 R FEREIR A
B IK A SCBLAINE 72 D YR FE RNk ~3 0 #i o 2 HR R
BB (X <x<x) T (AH) 2%l ;’E"lftﬂ’it'é \
DOWERDOARLEMNITHHTHD. x < x TiE, K
DOPRFERER & T A A IR DRSS ﬁﬁﬁl/
AN =B IR AN S L T D. ZidA 4
BRI L - TR EEME T L, 7EALT 7
ADEENEIKRT D Z LITkeT 5. —F, &k
FEREI (i <x) Ti%, fidokox=r e —2Z1 Lk
FPUNBHENS. 22T, =2 LEe—EBn
AHBUZAET D e & x DHOFERICE T S
FADARLTEM: & “water pocket” & KEX DT
EERRENCIRARD . 2D XK 9 7AH O ARG IE
7a A A URIE-KIRERICHLALOND
[32].

3.2 “Water pocket” D FE 15

X #/f BEL (SAXS: Small Angle X-ray
Scattering) 2>, [C4ymim][NO5]-80 mol% D,0O %Q?Tﬁf
HTHEUNRITETHD Y T — B
11/74 YTLTWB I ER o T2[33]. MD DL
L2 b—va 4] TR E T KR OB & A
SNOBENR D H & B %, SAXS (BioSAXS, U A
7)) &k A EGEL (SANS: Small Angle Neutron
Scattering; TAIKAN: BL15, J-PARC) D 3B %47 -
72[34,35]. EH/AFE (D) OIEFIT/HEWN X RO
FHCELIK - & R&E WP EFHBELEmfEO =2 7
Z b (X e oM AV T, Bah
72 D,0 OfEHAE M T 5. [C;mim][NOs] — 80
mol% D,0 D SAXS & SANS % Fig. 41Z7~:9.Q &
BELRZ PV T, Q=4n(sin®)/A& 72 5. SAXS I
R B — 7 MBI S 20D L, SANS
TIIAKRDEEMR (“water pocket”) ZHE[RT 5 B —
7 BB YA XX 20A BRETHS.40A
DREZIDY I F—LDH472 0T, “water
pocket’ TR ENT= Y V' F— LD G P EZRD
EEBEZBNS.

o SAXS
@ SANS
cal

o 100 200 300 400 500
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1073 1 1
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Fig. 4. SAXS of [C;mim][NOs] - 80.0 mol% D,0O and
SANS of [Cymim][NO;3] - 77.8 mol% D,0. Blue curve
reveals ab initio simulation results (ATSAS program
package). Pair-distance distribution functions, P(r), of
[C4mim][NO;]-77.8 mol% D,O.
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“Water pocket” D EERAFEME &R AR AFEE 2 7]
BT B 72012, ATSAS 702 75 b8y r—I T
fENT- > R 2 L— 3 VU EIT572[36]. £, SANS
vV— 7 ZH\/B 35 XK 9 7 distance distribution
function, P(r), K5 (Fig. 4). rORKZ WL Z
AD P(r)D /NS W EE) T “water pocket”[lE] D FH B2
FifiE TS EERLTWAD. Fig. 4 Olif}
(T P(r) 7 —V =—ZHL7-H 0T, BEREEHE L
< BT DE (WAWAR/INTELET L TT
4 NTERDST). PN 134 A /IR E KD
AT O e 2 (KRS TR D (I TF A b
T oA EFEREE LT . 2 KBRS A 1k
AL L7z P(r) 1%, AIfELD72 DI 2 b— 3
VTCRWARSE LA, R T kR E
OFEORB AL [37]. £7=, P(r) BERTHIIC
BT D D%, 2 BRHEBEBEETIIA S THL Z
EEREWT D, ISR 121X, (1) 3RO
2 (RFABRA38], & L < IX(ii) 3 &MHBIREI%L(37]
MBI 2. BEHELE AW 3 e A& 0l
BELIEN S, —o 0 2 (KHBIR%%EZ 7 — V) = —
LWL RENBIC R 5 T2[39]. £72, BFA
— T =AY —KEZE LT 3 RHEBIRE 2 fiE <
ITab—Ly "R XHERWZ Ay 7 LD FEER
EITORT IR 5720 [40]. 6> T, AL T
X2 KO P(ry 25 L7-E—X 2T 7
1% (ab initio €7 U 7)) T “water pocket” % fix
wWik L7z, X = b — b &7 “water pocket” DK
TR« RERENEE Fig. 51T (4 A iIRT
HWE). 70 mol% < x < 90 mol% D,0 DI FEfEEk T
“water pocket” R S D . WRIKHIZT 2 A —
WEALIAD N TWBIZHE b 5T, “water
pocket’ D K E X DGAITITE A EHSETH 5.
fHL, SANS =7 )by I o b—v 3 UfER
72DT, SANS B — 7 2% 5 L7gWEM DK+
RMISE LTeKGTFT TAZ =TIl —T 3
Ve Ry 7 ATERNR. I TRET R ET,
K OPIE L IR CTewater pocket” D K & X % il f
TE5H LW RT, [/ AB—T3] ORKITH
Tl IT SNz,

~
® L] .
- e G e ® .. -
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Fig. 5. Simulated water pocket referring to the observed
SANS peak. With increasing water concentration, larger
water pocket is visualized in real space. Coarsening of
the water pocket is simulated at low temperature.
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WIZ, “water pocket” H1DK5y 1 DIKFEREE D
FRHNT[26]. DO D OD AL yF L TDT
vy e N b, N7 KIZHANT
[Cymim][NO5]-80 mol% D,O ¢ SHB(Strong
hydrogen bond)D & 5- 0N/ N& < 72 B, T AT —)v
DEA CIADIT K o TKFERE D5 < 72 DM,
it CiA®DM41] ICb o b, £/, Fig 51X
H B IR D “water pocket”® AT 7' =3 v NT,
AFRIEDT ) FAAL L OEFEDD L E DR
%52 FC, “water pocket” | ZH RO T THARL - 18
WL TWD., A FABEDT ) RA A OfEFikE
X E VD Tewater pocket’DFEMLEL 225 L
THRIND. DFV, FEFITEWVFHM O “water
pocket” 73 SANS B'— 7 & L THIZEIN 5.

3.3 “Water pocket”D X A F I 7 A

[ ] A F ARED XA T2 7 ZFIETH
P QENS TR SN TN 5[42, 43]. A A L iKIED
F ) RAAL T =4 U RICER L 7 iR R
OMEEYENRB S S NTz. T/ R —HaEIc &
SNT, BVEEFN & 2 DOFEFIO T L F L
BRGNS 7 =F ARIFER T TE 5.

A F N KIBE B DK DEAF I 7 A
LR DENS, IRE R OIEHEEZ B ST 5.
VA BE 1T A L AR AF T D R OIRBEEA{L T
Ab 52 eMTE 5. MARENREL DI
ONTA T ARIKDRERACEDR NS 2D, T
T 7 ADNT =B =R REL IR DH[44]. 2
ZT, X < X< OREEFE O I DUV T
BETDLH. R OGE, INL LTZKRBA A R
OfEb 2Rt 5. L, x<xw TDOA A
REDOK RO E LR U TH L. —F, MEE
JE A K& T 5 L “water pocket” 23 W) BT Z
YENITE'NT 7 AU TREF RO T,
DD, A F REOFERE I IHI SN 5.

Jt 4, Cage Energy Landscape (CEL) TitBi S
% [HiRe] A A RIRIIRS RS - ik %
P2 T 2 IFHIRIRN Td H[45]. KEMZ
5T EIZE o T, “water pocket”® S = R /LK —
MINE &M, CEL D=L FXF—FmMA LY —fEE
HEZ 72 %, AR 2 O KOS LB SN
CEL 237 v 7NV LC, IREmEN T BRI b
D.

A F AR FIZEA TiA D &7z “water pocket”
DKDKEAF I 7 APFRD T2, FETHE
QENS %B& (DNA: BL02, J-PARC) Z11-7-. J&
DO E TR LABRWIETFEELFIHT L LB L
FBEOADER =D ENTES. Cymim"
F A NG IET VR BCEL W AT O K & WK FR
H) BEENDHDT, [Cimim][NO;] - 80 mol%
H,0 & [Cimim][NO;] - 80 mol% D,0O ® oD
BlaRET D HEND D, FET B EK 1
51111}51-120 (Q W),

Siu,0(Q @) =
R(Q, w)®[ALLS*(Q, ®) + An,0SH:5(Q, )] + BG

(1)
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o (A"

Q (A"
Fig. 6. The dynamic structure factors, $"(Q, ), of (a)
[C4mim][NO3]-80.0mol% H,O, (b) [C;mim][NO;]-80.2
mol% D0, and (c) the difference between the H,O- and
D,0O-basedmixtures. The intensity is plotted by a
logarithmic scale.

0 (A"

LEIND[46]. QiF=rARY =2—3 3 T, RQ,
o) I FRRERIEL T H D, Sr(Q, w) & 5% (Q, w)iEA
F IR HyO OIETUMERIIREER T, AL
DOIETVEEBEL IR X/ N S VWO THERT 5 Z &
NTE L. [C;mim][NO;] - 80 mol% D,0 DIET#
PEB AR E R -1,

Sip,0(Q, ®) = R(Q, w)®[ALS{(Q, w)] + BG. (2)
EfHEIC2 5. Eq. (1) 205 Eq. (2) O &Y
RS EDTFAUDOLDOTHFENR XY 2L LT
SESQ @) IE T R S S, -20 °C @

[C,mim][NO;] — 80 mol% HaO 7% [Comim][NOs] —
80 mol% D,0 %7 L3I 7= FETUtEBh A A
F% Q-ho HIZ7m > 4%, Fig. 6(c) 1%, 14
YRR FIZ D D < PATIA S b7z “water pocket”
D DSEGQ,w)DIESAMTH D, B1H2ITH
GLEREE BNTFAET D DT, H,0 OB H CAHRIIC
BT 2EENEENTWDZ NN D. EEMN
72 FEAM 9 5 7= ¥ 12, Kohlrausch-Williams-Watts
(KWW) B8 A LT3 5. KWW BRI
Eq. (3) T&RINH[47].

f(t) =exp {— (é)ﬁ} . (3)

B (0 <B < 1) [T 340 DAY DREEE, 13
ISR 2T, o DWTERF p TV T
THY v TR T VMR FEATHE, =F
SRl F O a— Ly B O R TQ)IE
WD X D72 QIRIFHER B 5.

Di200Q?
1+Dy200Q%70 (4)

I,0(Q) =

Do 13 H CHEHUER TH 5. Bl S 7-5™(Q, w)
ru—L YRt Y—s a7 ANV T 4T
4735 E, Fig. 7(a) & Fig. 7b)D X 5 72—
TEENTE D, =73 THRLONT T o Q%
Q*7uvy b1 5L Fig. 813 E6N5. D=9
2, =20 °C O3V 77K (H0) OFEERT —#[49]
AR C/R g, Fig. 8 DISHIE Eq. (4) & W2 f
INERETRDONTEZLDOTHD. TORER,
“water pocket”’? Do ld 1.8 x 10" A% T, 10 I
20 ps 7ol (AL, [FCIEED L7 K,
Dipo =42 x 10" A% | 1 =22.7 ps [49]). #E~ T,
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A F RO “water pocket” DILELIL/ LT
KIZEHERTRBWNZ ERS o Tz, VKBRS
CRISERAKZR Y NU—7) LBWILEITH
TR UADIRTH B[50]. F/ A —vdD
PACIADZIRIZ L - T, “water pocket” D Hi/y
B BIVVIKRFRES « BDERLE W O BT 1
DELNZZ EFRERINETHD.

i
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Fig. 7. QENS spectra and fitted results of (a)
[C4mim][NO;]-80.2 mol% D,0 and (b)

]
[C4mim][NO;]-80.0 mol% H,O at —20 °C. Q is fixed at
LIS A™.

T
@ obs

calc
o - Bulk water
2 e
F ]
ON 10 o
= Fa
~ "
/e
ot x 1 1
0 1 4

2 3
Q* (A%
Fig. 8. Q* dependence of HWHM, I'yppo(Q), at —20 °C.
The solid curve reveals that the fitted values are based
on a jump diffusion model (see text for details). The
broken line represents the I'yy (Q) of bulk water at
—20 °C for comparison.
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4. BbVIiZ

A F RO T 7 RE—MEEFIH LT, ik
\ZHL % “water pocket” DER I & E DX A )
ST RAEHBEMNI L. wHELKHLIAHLILL
=— 7 7p“water pocket” DFFHIL (1) HrHEk, (i)
TEIRAIZ, (i) 99V VKBRES, (iv) AEHK, (v) &
WIEER, (vi) BEWHmelThsd., Sz kEae
SERDZNEORHEIT S T BEFROARFAKD
HFEA PR D BT, EERRE LD,
“Water pocket” DRF M2 BRT 272012, Fex
K DOBRE CARERICE LT DR EET L &
AT S (Fig. 9). x < xp TiE, MMAZLTWAHK
K DFE DRV A RELIRWAKD 7 T A
H—WNFETD. T RAAL VEFRIERIND
KDT T AR —(LT v F BIER - IEWT 5 DT,
FHENMIZLITD BTN S, KIRT, ok
DIEA A IR OFESRE AR LT, A AR
ROfEmEEOHFICHR Y IAEN TS ([
A A RIE DRSS &K% G A TR g S 1T R
72%). CEL O3 /¥F—FKH EDO/NI 72813k
MNENLT D LR D EFHREND. —F, X=X
T, N—alb— g UEMEIZEL, “water pocket”
TS 5. x <x OFEELTIE, WA 4 iRIK
BWNRX—a L —hL7EKICHUADSNADT, K
B TR b T 0.

Random

Correlated Percolated
water cluster water pocket water
70 90
x mol% DZO /

Fig. 9. Schematics of three kinds of the water states in
the [Cymim][NO;3]. “Water pocket” at X;; < X < x; could
fluctuate cooperatively. The monodispersive size
distribution of the “water pocket” is realized by a
crossover behavior from ionic liquid- to water-dominant

states.

WIZ, X <X <x D“water pocket” 2MFAET 2 fH
WAEZD. x=x T, KOGEEMRIERTEE A
Bz % &, “water pocket”[H] D v N U — 7 DG
LT, WAL E~ERNERICENT 5. T
J RAAL DD HEZFEARL T, B/ HUZR “water
pocket’ N HHHEE AR B RN LK I LD .
“water pocket” VT35 CEL D/ S 728 13)A< #<
ERL, fEmlbZlET5. —F, ISL LK
T HIRIEL TN D2, INKBATET Dk b

(fEaufeiE), & L <X, “water pocket’|Z &> T
FlEEZENATENLT 7 A (REEIHD 2%
HEEEIIKE L TR ED. DFED, A 4 ikik-
HIRE R T DK HEE T 2 R E 70 IR P
WK THD. MRS+ ThDICb1bbT,
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BREZIC K o TKBERE G IR CHL RO 22 2 5 R
L4 R EKRBIRIZE S P Tn S,

7V —2 I AN THEHRINEA A EIRT
HDHMN, TR DIIAA AT A= A D
»H LW, 2 E TOMEIRF DT ) A r—L
DO CIAD L TR, K AEERRICTED [W5
WHHCIAD] SR ZRA Lz [ A —T %]
NINNEDEFRITZ->THL EBbhs.

Gilaa

i R oA (ERETT) ICEBRE FaoT
HHWE Lz, Bkt (rigEns, SME
) bW LTIEE, RN ELE L. X #
[FIHT+DSC [RIRFHIEREEORE L LB T, VAT
D BE, \REFS A, EETH S AT R—
FLTHBWE L. £/, V70K 22K
T X BUNABGLERR CRHERIZ /20 £ L.
J-PARC O HFVEF/hA#ELFEER GREER 5 -
2012B0001) Tl H AR 7 ) WF 58 B Z8 B A% oD 5
H—, CROSS HfED KA IR, ghARETRIC
WL TH BUVE L=, J-PARC @ QENS FEBr (Gf
BE7 5 :2017B0011) ¢ CROSS H#gD ILIH &K,
J-PARC &> % — D4 H HFEIRIZHER - gt oYK
—hFrELTHEDLWELL.
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